Abstract. This paper compares reddening values E(B-V) derived from the stellar content of 103 old open clusters and 147 globular clusters of the Milky Way with those derived from DIRBE/IRAS 100 µm dust emission in the same directions. Star clusters at |b| > 20
Introduction
Full-sky surveys in the far infrared have been achieved by means of the IRAS and COBE satellite observations. Schlegel et al. (1998) built a reddening map from the 100 µm IRAS dust emission distribution considering temperature effects using 100/240 µm DIRBE data. The transformation to E(B-V) maps was obtained from dust columns calibrated via the (B-V)-Mg2 relation for early type galaxies. This far-infrared reddening (hereafter E(B-V) FIR ) presents a good agreement at high galactic latitudes with that derived from H I and galaxy counts by Burstein & Heiles (1978 , 1982 with an offset of 0.02 mag (lower values for the latter method). Recently, Hudson (1999) analysed E(B-V) FIR maps using 50 globular clusters with |b| > 10
• and distance from the plane |Z| > 3
Send offprint requests to: C.M. Dutra -dutra@if.ufrgs.br kpc, as well as 86 RR Lyrae from Burstein & Heiles (1978) . These two samples provided slightly lower values on the average as compared to Schlegel et al.' s reddening values (∆E(B-V) = -0.008 and -0.016, respectively). The reddening comparisons above hardly exceed the limit E(B-V) ≈ 0.30, so that a more extended range should be explored.
Since the Galaxy is essentially transparent at 100 µm, the far-infrared reddening values should represent dust columns integrated throughout the whole Galaxy in a given direction. Star clusters probing distances as far as possible throughout the Galaxy should be useful to study the dust distribution in a given line of sight. Globular clusters and old open clusters are ideal objects for such purposes because they are in general distant enough to provide a significant probe the galactic interstellar medium and have a suitable sky coverage. Clearly, star clusters beyond the disk dust layer are expected to have reddening values essentially comparable to those of galaxies in the same direction. On the other hand, clusters within the dust layer should have contributions from clouds in background regions. Another issue is the thickness of the Milky Way dust lane and whether some dust clouds occur at higher distances from the Plane. Recently, several edge-on spiral galaxies have been studied in detail (Howk & Savage 1999 ) and a comparison of their dust distribution with that of the Milky Way is worthwhile.
The aim of the present study is to compare star cluster reddening values measured from direct methods, i.e. sampling the dust effects seen in the light emitted by the cluster members, with those derived from the 100 µm dust emission. We investigate the possibility of background and foreground dust contributions in star clusters directions. In Sect.2 we present an overview of Schlegel et al.'s (1998) reddening values predicted in different environments in the Galaxy. In Sect.3 we gather the necessary data for globular clusters and old open clusters and describe the sample properties. In Sect.4 we discuss the results, especially the star cluster lines of sight with evidence of background dust. Finally, the concluding remarks are given in Sect.5.
Overview of dust emission reddening values E(B-V) FIR
For a better understanding of the reddening distribution throughout the Galaxy we extracted E(B-V) FIR values from Schlegel et al.'s maps using the software dust-getval provided by them. We discuss (i) directions along the galactic plane which accumulate reddening from sources in different arms and other large structures, and (ii) galactic latitude profiles to see the effects of relatively isolated nearby (high latitude) dust clouds. We show in Fig.1 the entire Galaxy longitude profile. The upper panel is in direction of the galactic centre and the lower one is in direction of the anticentre. Note the enormous reddening differences between the two panels: the lower panel has typical values of E(B-V) FIR ≈1.5, and the values in the upper panel are a factor ≈ 10 higher. We indicate a series of H I, CO and optical features which help interpret the reddening distribution: (i) tangent regions of the spiral arms Sagittarius-Carina, Scutum (5 kpc arm) and 4 kpc arm (Henderson 1977 , Georgelin & Georgelin 1970a , Cohen et al. 1980 ; (ii) the extent of the 3 kpc arm (Kerr & Hindman 1970 , Bania 1980 ; (iii) the extent of the far side of the Sagittarius-Carina arm (Grabelsky et al. 1988 ); (iv) the Molecular Ring (MR) and the Central Molecular Zone (CMZ), (Combes 1991 , Morris & Serabyn 1996 ; and finally, (v) the extent of the Local (Orion) and Perseus arms (Georgelin & Georgelin 1970b) .
The relatively low reddening in the anticentre panel can be basically explained by the cumulative effect of the three external arms: Orion, Perseus and Outer arm (Digel et al. 1990) . It is worth noting that E(B-V) FIR on the average is higher in the second quadrant than in the third quadrant, probably by the interruption of the Perseus arm. The steady increase of E(B-V) FIR in the first and fourth quadrants towards the direction of the Galactic center can be explained by the cumulative effect of inner arms and especially their tangent zones. Owing to the 100 µm dust emission transparency the far side arms of the Galaxy will also contribute to E(B-V) FIR (see the extent of far side of the Sagittarius-Carina arm in the fourth quadrant). The Molecular Ring is also a major contributor, leading to a plateau level E(B-V) FIR ≈ 20. Finally, the Central Molecular Zone is responsible for the central cusp. Figure 2 shows E(B-V) FIR profiles in the interval −25
• ≤ b ≤ 25
• for selected galactic longitudes including well-known dark cloud centers. The individual clouds, especially their central parts can attain comparable (in some cases higher) E(B-V) FIR values to disk zones at lower latitudes. Individual dark clouds have a core-halo structure. In the ρ Oph dark cloud the core FWHM is 35' while at E(B-V) FIR = 0.5 the halo diameter is 4
• . For the Chamaleon I complex the core FWHM is 48' (in the region of the reflection nebula IC 2631) while the halo diameter at E(B-V) FIR = 0.5 is 2.9
• . From these simple comparisons and corresponding solid angles the zones responsible for the accumulation of reddening throughout the arms appear to be the cloud halos rather than the cores, possibly combined with diffuse galactic dust.
Comparison with reddening values from JHK photometry for nearby dark clouds
We show in Table 1 Minchin et al. (1991) , Jones et al. (1994) and Reipurth et al. (1999 and references therein) respectively for the three deeply embedded clusters OMC-1, OMC-2 and OMC-3 in Orion Complex Molecular clouds; (iv) Strom et al. (1993) for the 7 objects in the Orion complex LDN 1641 Molecular Cloud; (v) Carpenter et al. (1997) for the Mon R2 IR cluster; (vi) Lawson et al. (1996) for two concentrations of T Tauri stars around the reflection nebulae IC 2631 and Cederblad 110/111 in the Chamaleon I dark cloud; (vii) Comerón et al. (1993 and references therein) for the ρ Ophiuchi IR cluster. The larger E(B-V) FIR values occur for IR star clusters, while the T Tauri groups tend to be associated with lower reddening values. This must reflect the need of higher dust densities for the formation of star clusters and massive stars, conditions which occur in the cores of Giant Molecular Clouds in contrast to less massive dark clouds (e.g. Comerón et al. 1993 , Carpenter et al. 1997 . For the infrared photometric reddening comparisons with E(B-V) FIR we adopt a total to selective extinction ratio R = AV E(B−V ) = 3.1. When the original studies do not express their results in terms of A V , we adopt the ratios Schlegel et al. (1998) .
JHK photometry of embedded stars in NGC 2024 (Comerón et al. 1996) indicates an average E(B-V) ≈ 14.5, lower than that given by E(B-V) FIR (Table 1) which might be accounted for if the sources are not the deepest embedded ones and if there still is a considerable amount of dust in the back half of the cloud. Another possibility is that hot stars heat the cloud core beyond the upper limit (21
• K) available in Schlegel et al.'s temperature maps. HK photometry of deeply embedded stars in OMC-2 (Johnson et al. 1990 ) provided an average E(B − V ) = 7.7, so that the reddening through the whole cloud should Reddening distribution in the Galactic Plane derived from dust emission (Schlegel et al. 1998) . The lines indicate the limits in galactic longitude of the spiral arm features and other large scale structures (see the text) be twice as much. These values are consistent with E(B-V) FIR = 11.4 (Table 1) . JHKL photometry of a deeply embedded source in OMC-1 (Minchin et al. 1991) indicated A L = 6 and A K > 9 which implied A V ≈ 200 or 90 depending on models with large and small dust grain respectively. The latter values convert to E(B-V) = 64.5 or 29.0 respectively, which bracket that from E(B-V) FIR = 50.9 (Table  1) , in this case favouring the large grain model. JHK measurements of stars in the Mon R2 IR cluster (Carpenter et al. 1997) indicated that most of the embedded stars are in the range 3.3 ≤ E(B −V ) ≤ 4.5 somewhat higher than E(B-V) FIR = 2.5.
McGregor et al. (1994) obtained JHK photometry of a star projected close to the center of the reflection nebula Ced110 in Chamaleon I. They derived E(B-V) ≈ 2.4 or 5.6 depending on the assumed spectral type. In this direction E(B-V) FIR = 3.25, in reasonable agreement. Comerón et al. (1993) estimated from JHK photometry that deeply embedded sources in the ρ Oph dark cloud core have E(B − V ) > 16 and that field stars in the background of the cloud are possibly affected by E(B-V) ≈ 22.5. These values bracket that of E(B-V) FIR (Table  1) which is sensitive to reddening arising from the cloud as a whole.
Finally, we compare reddening values for the old/young components of the galactic nucleus (Catchpole et al. 1990 , Krabbe et al. 1991 , and for the two young star clusters projected close to the nucleus which contain WR stars (Quintuplet cluster = AFGL2004 and the Arches cluster = Object 17, respectively Glass et al. 1990 , Nagata et al. 1995). The galactic center reddening is E(B- We conclude that Schlegel et al.'s reddening values are in general consistent with values obtained from infrared photometry of embedded sources in dark clouds. Some discrepancies for infrared star clusters in the cores of molecular clouds might be explained by dust heated a few degrees above 21
• K. As pointed out by Schlegel et al. (1998) the same dust column density provides a factor of 5 in 100 µm flux when heated from 17
• K to 21
• K which are the temperature extremes considered in their study. For the Central Molecular Zone in the Galaxy E(B-V) FIR values appear to be exceedingly high so that the dust temperature near the galactic nucleus must be higher. Indeed, 
Dust layer height from nearby dark clouds
In the following we calculate the distance from the galactic plane (Z) of the nearby dust complexes to estimate the dust layer height to which significant reddening is expected, at least in the solar neighbourhood. Considering that the sun appears to be located 15 pc above the galactic plane (Cohen 1995 , Hammersley et al. 1995 , the corrected distance from the galactic plane Z ′ is
where d sun is the object distance from the sun in pc. Hipparcos distances of the Orion and ρ Ophiuchi complexes are respectively d sun = 490 pc and d sun = 125 pc (de Zeeuw et al. 1999) , which imply distances from the plane Z ′ = -148 pc and Z ′ = 59 pc respectively. The distance to Monoceros R2 is d sun = 830 pc (Carpenter et al. 1997 ) and Z ′ = -166 pc. Finally, for Chamaleon I d sun = 140 pc (Lawson et al. 1996) and Z ′ = -21 pc. Of these well-studied high latitude clouds Mon R2 and the Orion complex are intrinsically distant enough from the plane to estimate the dust layer height. The centers of the complexes imply |Z ′ | ≈ 150 pc. Since dust in the Orion complex appears to absorb significantly (E(B-V) FIR ≈ 0.20) to at least b = -25
• -see in Fig. 2 the b profiles for OMC-1 and Mon R2 (which includes Orion complex parts at higher latitudes), we adopt a dust layer height of 200 pc for the subsequent discussions.
Reddening Values in star cluster directions
Since star clusters span a wide range of galactic latitudes and distances from the sun, both within and outside the dust layer, they are ideal targets for comparison of Schlegel et al.'s reddening values with those derived from the stellar content methods. In the present section we compile reddening values of globular clusters and intermediate age open clusters. Owing to their higher ages they probe the interstellar medium without being physically related to the dust complexes, except for the possibility of interactions.
Globular clusters
Harris (1996) In previous compilations, e.g. Webbink (1985) , many globular clusters had scanty or no information. Colourmagnitude diagrams (CMD) based on CCD observations are now almost complete for these objects as a consequence of recent efforts, especially for the reddened low latitude globular clusters in crowded fields (e.g. Ortolani et al. 1995a , Barbuy et al. 1998a and references therein). Just to illustrate the progress achieved we mention Terzan 3 for which Webbink (1985) provided E(B − V ) = 0.32 based on the cosecant law, but the CMD showed a considerably higher reddening E(B − V ) = 0.72 (Barbuy et al. 1998b) . Table 2 lists the galactic globular cluster, as follows: (1) name of object, (2) and (3) galactic coordinates, (4) distance from the sun, (5) reddening derived from dust 100 µm emission E(B-V) FIR , (6) E(B-V) derived from the light emitted by the cluster members, and (7) βE(B-V) which is the difference between E(B-V) FIR and E(B-V) (Sect.4.1). The E(B-V) FIR values were obtained from Schlegel et al.'s reddening maps using the cluster galactic coordinates. Reddening and distance values are from Harris' (1996) compilation as updated to June 22 1999, except for low latitude globular clusters which come from the CMD studies indicated in the Table notes. Low latitude globular clusters have also been studied in detail via integrated spectral distribution in the near IR (7000 < λ < 10000Å), which also is a direct estimator of the reddening affecting the stellar content . For these clusters, reddening values derived spectroscopically were also considered in Table 2 (see Table notes ).
Old open clusters
The old open clusters (700 Myr or older), also usually referred to as Intermediate Age Clusters (IACs), are particularly suitable for studying the galactic reddening at low and moderately high galactic latitude directions be- Table 2 . Properties of Galactic globular clusters Ortolani et al. (1998) . Second half of Table 2 cause the old disk is relatively thick (Friel 1995) . They are numerous for 90 • < ℓ < 270
• , thus complementary to the globular cluster sample which in turn probes numerous lines of sight towards the bulge. We looked for old open clusters in compilations (Janes & Phelps 1994 , Friel 1995 , Carraro et al. 1998 , and individual clusters in the Open Cluster Database (Mermilliod 1996) We checked in the original references the CMD quality and the derived cluster parameters. In recent years the number of CCD photometric studies has been increasing steadily. They include clusters with CMD for the first time, CCD data on clusters previously observed photographically, and finally clusters newly observed in the infrared (J and K bands). Just to mention some recent studies: NGC 2204, NGC 2477, Berkeley 39 and Melotte 66 (Kassis et al. 1997 ), Trumpler 5 (Kaluzny 1998 ), Pişmiş 18, Pişmiş 19, NGC 6005 and NGC 6253 (Piatti et al. 1998a , Berkeley 17 and Berkeley 18 (Carraro et al. 1999) , and ESO93-SC08 . Janes & Phelps' (1994) compilation included 72 IACs while the present sample has 103 entries. The Hyades were not included due to the proximity and large angular size. Table 3 lists the galactic old open clusters, as follows: (1) name of object, (2) and (3) galactic coordinates, (4) distance from the sun, (5) age, (6) E(B-V) FIR , (7) E(B-V), and (8) βE(B-V). Figure 3 shows the sample properties. The histogram giving the distribution of old open clusters as a function of the distance from the sun. It shows that the sample is probing the interstellar medium quite far, mostly in the range 1-5 kpc and in some cases as far as 10-14 kpc. The age histogram shows a steady decrease for older ages probably related to the dissolution rate of IACs. There occurs a peak at t ≈ 5 Gyr which was also present in previous compilations, and the present increased sample supports its significance. A possible interpretation for this peak would be a burst of star formation in the old disk. 
Discussion
The angular distribution in galactic coordinates of globular and old open clusters for |b| < 20
• is shown in Fig.4 Reddening values for globular clusters in bulge regions often exceed E(B-V) = 1. Terzan 1, 4, 5, 6 and 10 exceed E(B-V) = 2, while Liller 1 and UKS 1 have E(B-V)≈ 3 (Table 2). The dust emission reddening can be much larger, in some cases exceeding E(B-V) FIR = 4 which occurs for Terzan 5, 10, 4, 1 and UKS 1. The lowest galactic latitude globular cluster Liller 1 has the highest value (E(B-V) FIR = 11.57).
For the old open clusters the largest reddening derived from the CMD occurs for Pişmiş 2 (E(B-V) = 1.48), and seven other clusters exceed E(B-V) = 1 (Table 3) . Three clusters have dust emission reddening exceeding E(B-V) FIR = 5 which are IC 4291 (Pişmiş 18), Pişmiş 19 and finally NGC 6134 with E(B-V) FIR = 25.66. They are at extremely low latitudes and in directions not far from the galactic centre (Table 3) which can accumulate reddening from dust in several arms and the Molecular Ring (Sect.2). 
βE(B-V): possibility of background reddening
In order to check the possibility of background reddening in the directions of globular and old open clusters we define the difference βE(B-V) = E(B-V) FIR -E(B-V) (Tables 2 and 3, respectively). Figure 6 shows βE(B-V) histograms considering both samples together. For high latitude clusters (|b| > 20
• ) we find a tight gaussian distribution suggesting an error distribution. We recall that E(B-V) FIR uncertainties typically amount to 16 % (Schlegel et al. 1998) . The gaussian peak is in the bin 0-0.02, indicating a small offset between the two reddening types with higher values for E(B-V) FIR . This can also be seen in Panel (Table  3) , thus βE(B-V) = 0.12. Recently Salaris & Weiss (1997) derived E(B-V) = 0.38 from isochrone fitting on CCD photometry, and they remarked that for this cluster values in the literature are in the range 0.30 < E(B − V ) < 0.48. We suspect that the positions of M 107 in Figs. 5 and 6 reflect an uncertainty in the reddening derived from the stellar methods. On the other hand NGC 1901 with E(B-V) FIR = 0.33 and E(B-V) = 0.06 (Table 3) has the LMC disk as background (Sanduleak & Philip 1968) , so that the high βE(B-V) = 0.27 must reflect dust emission from LMC complexes. Panels (b) and (c) deal with βE(B-V) histograms for low latitude clusters (|b| < 20
• ), respectively for βE(B − V ) < 1. Since mass loss is important in the last stages of red giant evolution dust accumulation in globular clusters is not unexpected. Cloudlets would contribute to differential reddening in CMDs as well as to 100 µm dust emission. Forte & Mendez (1988) found evidence for dust within globular clusters. They studied ten southern globular clusters, in particular NGC 362 and NGC 6624, and detected by means of CCD imaging regions with light deficiency which was attributed to dark clouds with intrinsic extinctions close to A V = 2.5. Their sizes are on the order of tenths of a parsec and they occur near the cluster nucleus. We checked whether Schlegel et al.'s reddening values are sensitive to internal dust contributions in the clusters NGC 362 and NGC 6624. We extracted E(B-V) FIR values for a cross with 17 pixels in Schlegel et al.'s maps (each pixel has 2.4 ′ × 2.4 ′ ). This cross samples the cluster main body and zones outside it, but still within the tidal radius (Trager et al. 1995) . We noted fluctuations in E(B-V) FIR not exceeding 0.01 and 0.02, respectively. We conclude that Schlegel et al.'s reddening values are not particularly sensitive to the cloudlets owing to the large pixel size and the cloudlets' small covering factor.
Star clusters within the dust layer as defined in Sect.2.2 (|Z ′ | ≈ 200 pc) are expected to have significant differences between E(B-V) FIR and E(B-V) values. In order to study the behaviour of βE(B-V) we considered the cluster perpendicular distance to the Galactic plane (Z ′ ) calculated with Eq.(1), using the data in Tables 2 and 3 up to 2 kpc from the Plane. Clearly, there is a large scatter of βE(B-V) values within the 200 pc dust layer, together with a significant wing which extends to ≈ 400 pc. The scatter suggests that most of the differences between reddening values derived from dust emission and the stellar content are due to dust clouds in the disk background of the clusters. Panels (b), (c) and (d) show the behaviour of βE(B-V) in the regions increasingly away from the disk. In all three panels βE(B-V) values are small which is consistent with the fact that all these objects are halo globular clusters. The only strongly deviating object in Panel (b) is NGC6144 (Sect.4.4). In (b) and (c) the average βE(B-V) value is slightly positive corresponding to the small offset caused by higher E(B-V) FIR values. Unless an extremely thin diffuse distribution occurs throughout the halo caused by e.g. cooling flows and/or debris from dwarf galaxies accreted by the Milky Way, this offset observed for halo globular clusters implies that either Schlegel et al.'s zero point is slightly overestimated or that intrinsic reference colors, spectral distributions and isochrones were exceedingly red. Finally, in Panel (d) the offset is not present, but the sample is small. Large differences βE(B-V) could be caused by the existence of dust clouds behind the clusters, primarily within the dust layer. In order to investigate this possibility we calculated cluster positions in the Galaxy and compared them to the assumed dust layer distribution. The latitude with respect to the true Galactic plane is given by 
Using this corrected latitude b
′ it is possible to calculate the perpendicular distance of the cluster to the true Galactic plane d ′ , the distance along the cluster line of sight from the true Plane up to the dust layer edge d layer , and for the clusters within the dust layer the path behind them d bck :
where 200 pc refers to the conservative dust layer height, assumption of Sect.2.2. We also assumed a galactic disk radius R = 15 kpc. 
Directions of some reddened young open clusters
Since the young disk is considerably thinner than the old disk (Janes & Phelps 1994 , Friel 1995 it is worthwhile to study some interesting cases. We discuss some of the most reddened optical open clusters.
NGC 3603 and Westerlund 2 are clusters embedded in H II region complexes, where internal reddening is important. NGC 3603 (ℓ = 291.61
• , b = -0.52 • ) is located at a distance d sun = 7 kpc and has E(B-V) = 1.44 from the CMD (Melnick et al. 1989) , which comprises both the internal and foreground reddening. From the integrated spectrum Santos & Bica (1993) obtained a foreground reddening of E(B-V) f = 1.18, implying an internal reddening E(B-V) i = 0.26, by using a template spectrum which included internal absorption. Westerlund 2 (ℓ = 284.27
• , b = -0.33
• ) at a distance d sun = 5.7 kpc has E(B-V) = 1.67 from the CMD (Moffat et al. 1991) . Piatti et al. 1998b derived E(B-V) f = 1.40 and E(B-V) i = 0.27 by means of an integrated spectrum analysis.
Westerlund 1 (ℓ = 339.55 From Schlegel et al.'s (1998) reddening map we obtained very high reddening values derived for these young disk objects at very low galactic latitudes: E(B-V) FIR = 59.7, 65.7 and 12.3 respectively for NGC 3603, Westerlund 2 and Westerlund 1. The extremely high E(B-V) FIR for NGC 3603 and Westerlund 2 are probably related to lines of sight intercepting dust cloud cores (Sect.2), presumably the molecular clouds from which they were formed. Since Westerlund 1 is projected close to the Plane not far from the galactic center direction, its high E(B-V) FIR can be explained by the dust cumulative effect produced by a series of spiral arms and the Molecular Ring in that direction (Sect.2.1).
Reddening in the Sagittarius Dwarf direction
The globular clusters associated with the Sagittarius Dwarf are indicated in Table 1 . Their E(B-V) values derived from the stellar content are comparable to those derived from the dust emission. Only a small systematic difference occurs, in the sense that values derived from dust emission are larger by βE(B-V) = 0.01-0.02. Assuming that M 54, Terzan 8, Arp 2 and Terzan 7 are slightly foreground or within Sagittarius itself, this sets a very low upper limit to the dust content in Sagittarius, in agreement with the fact that it is very depleted in H I (Koribalski et al. 1994 ). Fig.7 and the wing in the distribution above the dust layer) might be explained by higher |Z ′ | dust clouds. A well-known example is the high latitude dust cloud Draco Nebula at a height from the Plane 300 to 400 pc (Gladders et al. 1998 ). In addition, star forming complexes as traced by means of Wolf-Rayet stars indicate that they are concentrated within a height from the Plane of 225 pc, but some attain 300 pc (Conti & Vacca 1990) .
Assuming a dust layer height |Z ′ | = 300 pc there would remain only 7 clusters outside the dust layer (Table 4). This corresponds to 3% of the total sample of 250 star clusters in the present study. They are all globular clusters: Lyngå 7, NGC 6144, NGC 6256, NGC 6355, NGC 6380, Tonantzintla 2 and NGC 6401. Among these clusters only NGC 6144 is very far from the plane at |Z ′ | ≈ 2.8 kpc (Table 4) . Although NGC 6144 has no CCD photometry yet, the photographic CMD and the integrated light reddening estimates (Harris 1996 and references therein) are consistent at about E(B-V) ≈ 0.32. We suspect that E(B-V) FIR = 0.71 for this cluster is overestimated, arising from foreground dust heated above the upper limit 21
• K (Schlegel et al. 1998 ) by the hot star σ Scorpii. Indeed, NGC 6144 is seen through the edge of the ρ Ophiuchi dark cloud complex in the association Upper Scorpius at distance d sun = 125 pc (de Zeeuw et al. 1999) . The cluster pathsight crosses the reflection nebula illuminated by the red supergiant Antares, also designated as IC 4606, Cederblad 132 or vdB-RN 107 in the catalogue of reflection nebulae by van den Bergh (1966) . The neighbouring star σ Scorpii is double (B2 III + O9.5 V), and ionizes the H II region Sh 2-9 (Sharpless 1959), or Gum 65 (Gum 1955) . This hot double star also has its reflection nebula component Cederblad 130 (vdB-RN 104), which almost overlaps with the Antares reflection nebula. It is possible that dust grains in the direction of NGC 6144 are being heated by this particular configuration. At any rate CCD photometry of NGC 6144 is necessary to definitely establish the reddening E(B-V) affecting the cluster stars.
Howk & Savage (1999) detected high-Z dust structures in a sample of 7 edge-on spiral galaxies (NGC 891, NGC 3628, NGC 4013, NGC 4217, NGC 4302, NGC 4565 and NGC 4634) . The thickness of the dust lanes in these galaxies is in the range 500 < 2×|Z| < 900 pc. The high-Z dust features have typical dimensions of hundreds of parsecs and are located at heights in the range 500-1450 pc. The present study indicates the need of a Milky Way dust layer of thickness 2 × |Z| ≈ 600 pc in order to explain the lines of sight of 97 % of the known intermediate age and old clusters. The remaining 3 % would require some higher Z clouds.
Concluding remarks
Since the 100 µm dust emission reddening maps of Schlegel et al. (1998) provide whole-sky reddening estimates with relatively high angular resolution it is important to explore them in detail for a better understanding of the dust properties in different directions.
We provided an overview of the distribution along the galactic plane and in some interesting latitude directions. The accumulation of dust clouds in different arms and large structures such as the Molecular Ring can be distinguished. Individual dust complexes, including their cores, have E(B-V) FIR values compatible with those of embedded clusters derived from infrared photometry. An exception is the Nuclear Region where the temperature in the Central Molecular Zone appears to be underestimated in the Schlegel et al.'s temperature maps.
The 100 µm dust emission reddening maps provide E(B-V) FIR values compatible to E(B-V) derived from the stellar content of globular and old open cluster for ≈ 75 % of the 250 directions probed in the present study (βE(B − V ) < 0.30). The values for most high-latitude clusters (|b| > 20
• ) are in good agreement; these are objects in general outside the disk dust layer, so that all dust in the line of sight is sensitive to both methods. An interesting exception is NGC 1901 which is outside the dust layer and has a E(B-V) FIR much larger than E(B-V). The background dust source in this case is the LMC disk.
The differences between the dust emission and stellar content reddening values occur most frequently for low latitude clusters (|b| < 20
• ). Brightness selection effects due to reddening and distance particularly affect the open cluster sample. In the existing catalogues many intermediate age open clusters are yet to be studied, while future infrared surveys should reveal many new open clusters. These distant objects are expected to have increasing reddening values, but the βE(B-V) values should decrease since the pathsight behind the cluster within the dust layer decreases. Most of the known globular clusters have CMDs, but infrared surveys should reveal some new ones in disk and bulge zones. Those far in the disk should behave like the heavily reddened far open clusters.
Bandwidth effects on the intrinsic reddening law have implications on the results for larger extinctions. The fact that most of the points follow a 1:1 FIR/Optical relation up to E(B-V) = 1.0 (Fig.5 ) suggests that this effect should become important for reddening values beyond this limit. An additional complication for objects so heavily reddened that the stellar content can be studied only in the infrared is that the transformations to optical reddening values depend on grain properties.
From the spatial distribution of available objects and their relative positions with respect to the dust layer we conclude that background dust clouds are probably responsible for these differences. A dust layer with thickness 2×|Z| ≈ 600 pc is required to explain the distribution of ≈ 97 % of the sample. Some additional higher Z dust clouds, like the Draco Nebula, would also be required to explain the rest.
The present study of reddening in star cluster directions suggests that the Milky Way is similar in dust layer thickness and occurrence of some high-Z dust structures to edge-on spirals studied by Howk & Savage (1999) . In particular the Milky Way dust layer may be thicker than previously thought.
